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IN T R O D U C T IO N
W hat you are about to see represents a capsule photographic view
of our pioneer engineers, their influences and their triumphs from the
early 1700’s to the present. It will include 100% American develop*
ments, excluding those few key foreign developments which became
known to American engineers and influenced their design.
From its humble beginnings of 200 years ago to the present, the
history of American bridge building represents a record of progress that
stands unparalleled in any other country of the world—it is a unique
heritage of civil engineering structures.
N A T U R A L B RID G ES
As a devotee of zero maintenance designs, I believe that special
tribute should be given to the very first bridge in U.S.A., whose design
being of divine origin, must be attributed to the greatest engineer of all
time— Figure 1.
F IR S T B R ID G E BOOK— 1728
Hubert Gauthier wrote the first book on bridges, “T rait Des Ponts.”
A N C IE N T H IS T O R IC B RID G ES, 27BC-98AD
27BC-14AD
Rimini Bridge, built by Ponte Di Augusto, had five semi-circular
arches of 23 ft and 28 spans. It is the earliest known example of a
bridge built on a skew— 13°. T he piers were not at right angles with
main axis of the bridge.
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Figure 1. Natural bridge in Utah by the ‘‘Greatest Bridge Builder” of
them all.

98AD
Caius Julius Lacer constructed a magnificent specimen of Roman
bridge building in Spain. Known as Puente Alcantara, it towers 100 ft
above the Tagus River. The builder (Lacer) had his name inscribed on
this bridge for all posterity. He is buried in a grave at the site, and
the following inscription is affixed to the central arch: Pontem Perpetui
Mansurum in Saecula. (I have left a bridge that shall remain for
eternity.) So we have the first dedicated zero maintenance thinker in
the history of bridge building.
EARLY T IM B E R A N D C O V ER ED B RID G ES
Timber Bridges
Switzerland is the birthplace of timber bridges. However, heavily
forested countries such as Germany, France, Norway, Russia, Hungary,
Austria, and England also produced them.
First Covered Bridges
The first covered bridge was built by Ulrich, Johannes, Hans Brugenmann of Switzerland.
1755
The Schaffenhausen Bridge, built over the Rhine, was 364 ft long—
spans of 171 ft and 193 ft. The Reichenau Bridge had a span of 240 ft.
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1758
The Wettingen Bridge over the Limrnat River was a catenarian
200-ft arch span with a rise of 20 ft. The arch consisted of seven layers
of oak beams laminated and fastened together with iron straps 5 ft on
center.
While it has been claimed they served as models for American
wooden covered bridges, it seems unlikely because there is little simi
larity since their strength was based primarily on the arch, a principle
not understood in Europe.
1750-1830
During this period, the truss, being uncertain of its strength, leaned
upon the arch.
1798-1803
A theoretical source of great importance came to American designers
through the Encyclopedia Britannica in 1798 with a supplement in 1803.
It was a result of Professor Robinson’s visit in 1793 with England’s
great John Rennie. It might be said that Rennie was indirectly respon
sible for the American covered bridge. The pioneer bridge builder in
America could not have had a better teacher.
But regardless of where our American ancestors derived the concept
of the timber covered bridge, they quickly made it their own and
pioneered in truss development.
IR O N -S T E E L BRIDGES
1775
John Wilkinson built the first iron bridge at Coalbrookdale, England.
The main span 100 ft, made up of five semicircular ribs of cast iron each
cast 70 ft long with a total weight of 378 T . Still standing, there is
only one flaw—it occurred after construction. The abutments, not being
heavy enough to withstand earth pressures, have forced the arch up a
little to the crown resulting in its present pointed appearance.
1840-1890
During this 50-year period, the iron truss dominated. It proved eco
nomical to build but had its aesthetic shortcomings.
W O O D E N B RID G ES IN A M E R IC A

By the middle of the nineteenth century, European engineers were
copying ideas from the U.S.A.

16

1811
Thomas Pope, a shipbuilder who became engrossed in the design of
wooden bridges, published his plans for a flying cantilever bridge and
wrote the first American book on bridges entitled, “A Treatise on Bridge
Architecture.” The book states: “Public spirit is alone wanting to make
us the greatest nation on earth; and there is nothing more essential to
the establishment of that greatness than the building of bridges, the
digging of canals, and the making of sound turnpike roads.”
1785
Colonel Enoch Hale built one of the first important timber structures
at Bellows Falls, Vermont, 300 ft long with length of span between
the white pine stringers of 98 ft. The first in America to employ more
than one set of stringers and is noted as the first framed timber bridge
in the U.S.A. It is located on the main route from Boston to Montreal.
People travelled from near and far just to see it, and newspapers of
that era proclaimed it to be “a milestone in American bridge building,
opening a new era in commerce and industry.” It stood 65 years when
it was replaced by the Tucker Toll Bridge.
1797
T he first bridge patent was issued to Charles Wilson Peale of Penn
sylvania. The same year, Peale also wrote a book entitled “An Essay on
Building Wooden Bridges.”
1807
Three pioneers in bridge building were Palmer-Weanwag-Burr.
Timothy Palmer erected his famous “permanent bridge” (a trussed arch
of three spans) over the Schuylkill River at Philadelphia. Palmer was
first to point out the great advantage of covering a wooden bridge and
insisted that this protection from the elements increased the average life
of a structure from 10-40 years. The arches (150 ft/185 ft/150 ft)
were continuous in action, with the truss on the king post principle. Fire,
the enemy of timber structures, destroyed this bridge after 50 years of
service. A remarkable feature was the founding of its west pier to bed
rock at 42 ft below high water, at that time an unparalleled feat in the
history of hydraulic engineering. Another first was the reinforcement
of masonry in the piers and abutments using iron chains.
1800-40
Louis W ernwag built 29 bridges in the Pennsylvania, Maryland,
Virginia, Delaware, and Ohio area featuring the arch-truss design using
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Figure 2. Colossus Bridge over the Schuylkill River at Fairmont, Penn
sylvania by Louis Wernwag, 1800-1840.

the principle of the stiffened suspension bridge with the cable inverted to
form an arch in compression. His most noted structure was the “Co
lossus” over the Schuylkill River at Fairmont, Pennsylvania— Figure 2.
In its day, it was the longest wooden bridge in America having a clear
span of 340 ft. W ernwag tested this bridge using a massive wagon
filled with stones weighing 22 T drawn by 16 horses. Fire destroyed
this bridge.
1810
Theodore Burr, the most famous American bridge designer, spent
most of his life in Pennsylvania. His design emphasis was to strengthen
the truss with the arch, and it is safe to say that the majority of wooden
covered bridges in the U.S.A. were of the Burr Truss Design.
1815
Burr built a monumental 360 ft span over the treacherous Susque
hanna which was destroyed by ice pressure only two years later.
L. Chenoworth, bridge builder and devotee of the Burr design, con
structed a double-barrelled, 138 ft covered bridge at Phillipi, W est
Virginia. This bridge is of historic interest since on June 3, 1861, a
contingent of confederate soldiers sleeping in the protection of its covers
were awakened to action by the first cannon shots of the Civil W ar. The
bridge is still standing.
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1820
Ithiel Town— Took out a patent on the double-webb, lattice prin
ciple. It is true truss, although highly indeterminate and entirely free
from arch action and horizontal thrust. Because of simplicity, and its
capability of using simple sizes of lumber, many carpenters purchased
patent rights. A typical example of a town lattice truss built in 1848 was
a 262 ft span at Bellows Falls, Vermont. It stood fast until 1907.
1823
Blenheim Bridge over Scoharie Creek, built by Nicholos Powers iti
New York with a span of 228 ft, was known as the longest single span
in the world. T he three sons of Powers carried on the family bridge
building skills in New England for three generations. For their integrity
and industry there were ranked with Rennies, the Stephensons, and the
Robblings.
1830
Lt. Col. Stephen Long took out a patent on an assisted truss. The
truss comprises a lattice design with abutment bracing and a braced over
hood king truss in the center upper chord. The last of the pure timber
trusses— it never became popular.
1840
William Howe of Massachusetts patented a truss which was des
tined to become the most popular in America in the latter half of the
nineteenth century. A lattice, with vertical tension rods of iron, it began
the transition of trusses from timber to iron, and its popularity escalated
with the growth of our railroads.
1841
Howe and Amasa Stone, who bought the patent, built a massive rail
road bridge at Springfield over the Connecticut River. The bridge had
seven 190-ft spans.
1844
Caleb and Thomas P ratt patented a system which is exactly the
reverse of the Howe truss where the diagonals instead of the verticals
were of iron and in tension. Used almost exclusively in iron, they came
into wide use as the railroads demanded longer and heavier spans.
The advent of the automobile and the railroads spurred the doom of
covered wooden bridges in place of the steel truss, ending an important
epoch in American bridges.
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CAST A N D W R O U G H T IR O N BRID G ES A N D FA ILU R ES
1847
Then came Squire Whipple of Utica, New York, who published an
analysis of the stresses of the articulated truss entitled “A W ork on
Bridge Building.” It is of significance because it marks the beginning
of the era of scientific bridge design. Squire Whipple designed his own
truss. Many bridges following Whipple’s design were built across the
U.S.A., lasting for many decades. As the railroads began to spread over
America, failures of cast iron bridges escalated alarmingly as testing
revealed a basic inadequacy in tensile strength. After 1850, cast iron
began to disappear entirely from bridge construction. Near the end of
the 1800’s it was replaced entirely by steel.
The B & O Railroad, first in U.S.A., employed Henry Latrobe as
chief engineer, son of the designer of the U.S. Capitol Building. Latrobe
had two young engineers, Wendell Bowman and Albert Fink. Both
men designed, patented, and built numerous wrought iron railroad
trusses. Bowman’s work was on eastern railroads and Fink’s work pre
dominated in the west.
1863
John Linville, chief engineer of the Pennsylvania Railroad, is reputed
to have begun the era of long-span, American-truss bridges. His first
bridge crossed the Ohio River at Steubenville and had a center span of
320 ft, four deck spans of 231 ft, and three more spans of 205 ft.
1877
Collapse of the first Howe truss of wrought iron occurred over a
steep gorge at Ashtabula, Ohio. A New York Central Railroad train
crashed like a flaming rocket falling into the gorge, killing 90 persons.
The engineer glanced back to see the train sinking and raced uphill
to safety. The investigation resulted in American railroads eliminating
the future use of cast iron, reducing the weight of structural members,
and the hiring of specialist, civil engineering firms, to design and con
struct their bridges.
1879
Firth of Tay Bridge in Scotland consisted of 84 200-ft truss spans
of wrought iron with piers of cast iron cylinders. A passenger train
with six passenger cars crashed into the Tay with 100 people killed
and no survivors. No one knows exactly what happened. Winds of
75-80 mph had presumably blown down 13 trusses prior to the trains
arrival.

20

These failures were but two between the 1870 to 1880 period when
American railroads alone sustained an annual failure of bridges of 25
per year, or one for each 5,000 mi of road. Something had to be done
fast and the material which saved the day was steel.
SO M E B IG FA M O U S B R ID G ES—T H E USE O F ST E E L
Eads Bridge
1874
James Buchanan Eads, pioneer genius of American civil engineering,
completed the Eads Bridge at St. Louis (Figure 3.) after six years of
building and many years of disappointments. It is a monument to the
originality, courage, and genius of a great engineer— a pioneer master
builder.
Still taking road and rail traffic today, the Eads Bridge was, in fact,
decades ahead of its time. It is famous for being first: T o make extensive
use of steel in bridge construction, to use pneumatic caissons in the
founding of large bridge piers and to use hollow chord members, the
arches being of hingeless, fixed-end type, involving problems of stress
analysis and erection adjustment that would challenge the temerity of
many modern engineers. It is notable architecturally as well as struc-

Figure 3. Eads Bridge in St. Louis (1874) by James Buchnan Eads,
pioneer genius of American civil engineering.
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turally with a fine sense of the aesthetic. The center span is slightly
longer than the flanking spans— 502/520/502.
During construction, a tornado of destructive fury struck the bridge
with a tremendous force throwing tons of timbers, iron work, whole
trains with their engines hundreds of yards through the air. The lesson
of this tornado was not lost on Captain Eads who redesigned the bridge
to incorporate a wind truss of great strength to withstand the onslaught
of any future winds of great magnitude.
H er three great steel arches were erected without falsework by cantilevering— this being the first extensive use of this technique having previ
ously being proposed by Robert Stevenson and Isambard Brunei. At
temperatures of 98 °F over a five-day period, the first of the three-arch
closures was attempted unsuccessfully because of the constantly changing
dimensions from morning to night. Temperature conditioning in the
form of ice (40 T were packed around the steel ribs in wooden troughs)
was attempted with unsuccessful results whereupon Captain Eads sent
a cable instructing the use of adjustable closing members. This tech
nique solved the problem, which he had foreseen, and the technique is
in common use today.
W ire Suspension Bridges
1841-42
Col. Charles Ellet, one of the most brilliant minds the bridge engi
neering profession produced, designed, and built a wire suspension span
across Schuykill River at Fairmount (Philadelphia). It replaced W ernwag’s timber colossus. The first of its kind in America, it was considered
an engineering feat of unusual proportion with a 358-ft span— Figure 4,
top.
1846-49
Colonel Ellet designed and built the first long-span, wire cable sus
pension bridge in the world with a central span of 1,010 ft and 97 ft
above the water at Wheeling over the Ohio River— Figure 4, center.
It was destroyed by a storm six years later, after which it was repaired
by John Roebling. Ellet laid his wires in separate strands parallel to
each other, connected them with iron bands from which he hung the
suspenders. Roebling squeezed the strands together to form compact
cables of cylindrical shape, wrapping them with light wire and hung
them from iron clamps. He then jacketed the cables with light wire
which greatly improved the weathering, unity, and strength. The
Wheeling Bridge is still standing and in use.
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Figure 4. Top: Wire suspension bridges, across Schuylkill River at
Fairmont (Philadelphia), 1841-1842. Center: Long span wire cable sus
pension bridge over the Ohio River, 1849. Bottom: Suspension bridge over
the rapids at Niagara Falls by Col. Charles Ellet, 1848.

1847
Ellet constructed a light suspension span, 770 ft long, 9 ft wide
over the rapids at Niagara Falls— Figure 4, bottom. Xo show his con
fidence, he mounted a horse and rode over the bridge at a height of 250
ft before any side railings had been placed.
1834
John August Roebling fabricated the first wire rope after seeing
many failures of hemp ropes hauling canal boats over the mountains.
1844
Roebling constructed his first suspension aqueduct in the U.S.A.—
Figure 5. I t had seven spans of 162 ft, each supported by a continuous
cable 7 in. in diameter. It was a pronounced success. One at Lackawaxen, Pennsylvania, is still in use today. It has been converted into a
highway toll bridge.
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1855
Roebling completed the first railroad suspension span over the
Niagara River. Robert Stevenson announced: “If your bridge succeeds,
mine is a magnificent blunder.” The Niagara suspension railroad bridge
with a 851-ft span, 245 ft above water, was a magnificent success. It
was the first successful railway suspension bridge in the world. It car
ried traffic, even 40 years later, of two and one-half times its original
design loading.
1866
Roebling completed the Cincinnati-Covington suspension bridge over
the Ohio, concluding a ten-year period of political strife including the
Civil W ar. The bridge’s main span of 1057 ft and massive masonry
towers stood 230 ft over the river. The first two days, 146,000 people
paid for tickets of admission to cross, what was considered at that time,

Figure 5.

Delaware Aqueduct by John Roebling, 1848,
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the greatest bridge span in the whole world. It was a training ground
for Roeblings greatest work.
1883
Brooklyn Bridge
The Brooklyn Bridge was completed—see Figure 6. Spans are 930/
5 9 5 ^ /9 3 0 for a 5989-ft total length. The width is 85 ft. It cost $9
million and is 50 percent longer than the Cincinnati-Covington bridge.
Her four 16 in. dia cables were designed to carry an unprecedented
weight of 18,700 T . The stays alone were capable of 15,000 T so that
if removed, the bridge might sink in the center but it would stay up
without the main cables. In the initial stage of the work, after full
approval to build was obtained, John Roebling’s foot was crushed in
a construction accident. Three weeks later it took his life.
His son, Col. Washington Roebling, an 1857 graduate of R PI, the
first engineering school in U.S.A., completed the engineering supervision
of Brooklyn Bridge—a story of engineering triumph, particularly in the
construction of the underground foundations for the 271-ft high piers
by the pneumatic caisson method. Costing him his health, he completed
the bridge using a telescope trained on the structure from his apartment
nearby relaying instructions for the work through his wife.

Figure 6. Brooklyn Bridge by John Roebling, 1883.
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T he first to use steel wire in the cables, during the progress of the
work, it was discovered that many of the coils which had been rejected
by the inspectors had been taken out through the front door of the store
house and surreptitiously returned through the back door, and thus had
actually been fabricated into the existing cables. Since to correct this
would have cost him a year’s time, Colonel Roebling had the con
tractor— at his own expense—place additional wires in the cables to
make up for the deficiency in strength, and so today, the four com
pleted cables at Brooklyn Bridge do not have equal numbers of wires.
Heralded as the eighth wonder of the world, the Brooklyn Bridge is
undoubtedly the most famous bridge in the country and has become a
part of America’s heritage. John Roebling was one of those rare geniuses
who came generations before his time. His Brooklyn Bridge, in form
and pattern, in composition and proportion, is his creation—an artistic
as well as an engineering masterpiece. Its pierced granite towers, the
graceful arc of the main towers combined with the gossamer network of
lighter cables, combine to produce a matchless composition— the harmonius union of power and grace—a thing of enduring beauty.
C A N T IL E V E R B RID G ES
1876
Charles Shaler Smith built the Kentucky River viaduct for the Cin
cinnati Southern Railroad—three spans of 375 ft. It was the first
cantilever bridge in U.S.A. and was famous in its time.
1883
C.
C. Schneider, a leading bridge engineer of that period, built a
cantilever railroad bridge over the Niagara River—910 ft long, 495-ft
span, rising 239 ft above the water. It was replaced in 1920 with a
modern steel arch.
1889
John Fowler and Benjamin Baker completed the monumental Firth
of Forth Bridge in Scotland with two main spans of 1,700 ft, arms of
675 ft, and suspended segments of 350 ft. The bridge proper is 5,350 ft
with a total length of 8,296 ft. Like a giant dinosaur stretching itself
across the Forth, it cannot be called beautiful or pleasing, rather it is
over-powering, awesome and colossal, its awkward angularity boasting
of invincible strength. It is notable for being the first to use open hearth
steel in bridge construction.
The claim is made that after more than 50 years of service it remains
the only large bridge over which express trains can travel at full speed.
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The people of Scotland take special pride in the fact that during W orld
W ar II, some 1,600 bombings were made in an attempt to destroy her
without success or disruption to vital train traffic.
C O N C R E T E BRIDGES
1900
In 1900 there were 8,000 autos; in 1915, 2 million; and in 1940,
30 million. Automobiles resulted in a need to build a national interstate
highway system which, because of the geography to be covered, necessi
tated construction of bridges at a low cost.
1889
The first reinforced concrete arch bridge in U.S.A. with a 20-ft span
was built in Golden Gate Park in San Francisco.
1916
The great Tunkhanock Viaduct on the D.L.&W. Railroad was built
at Allentown, Pennsylvania— Figure 7. It was a multiple arch structure
2,375 ft long and some 240 ft above grade— a stupendous achievement
in reinforced concrete.
America’s best known early reinforced concrete arch is the George
Westinghouse Bridge over T urtle Creek Valley east of Pittsburgh. It
held the record for a long-span, concrete bridge, with her main span of
460 ft extending 200 ft high above a railroad for a total length of 1,510

Figure 7. The great Tunkhanock Viaduct on the D. L. & W. Railroad
at Allentown, Pennsylvania, 1915.
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ft. It is notable for its first use of steel centering to support the casting
of the arches.
1920
San Mateo Bridge over south San Francisco Bay was a pioneer.
It was a long structure utilizing 1,054 precast span elements up to 35 ft
in length.
G R E A T S T E E L ARCHES
Inspired by the success of Eads Bridge in St. Louis, the modern era
of steel arch construction began with the twentieth century.
1907
Victoria Falls Railroad Bridge over the Zambesi River in South
Africa, with an arch span of 500 ft built over a 400 ft deep gorge, was
heralded as the highest bridge in the world.
1916-31
Gustave Lindenthal built one of the greatest steel arches of all time
— Hellgate over the East River in New York. It has a span of 1,017 ft
between abutments, 977*^2 ft between bearings, water clearance of 135 ft,
and a total arch height of 305 ft above mean water. Designed to carry
a total load of 76,000 lb per lineal foot, it was the world’s heaviest
bridge.
The bottom chord is a parabola which serves as the principle carry
ing member of the arch with other members serve mainly as bracing
for moving loads. The top chord of the arch is slightly reversed present
ing a pleasing impression of the gigantic horizontal thrust being trans
mitted from the steelwork of the arch to the massive masonry towers.
Not only is Hellgate an engineering feat, it is an architectural master
piece proving that an arch of steel can be a thing of beauty.
1923-32
Inspired by Hellgate, a 1,650 ft parabolic, double-ribbed steel arch of
through or overhead type was constructed in Sydney Harbor, Aus
tralia. T he design was by Ralph Freeman. Its principal aesthetic inter
est lies in the prominent 285 ft high pylons that mark the ends of
the arches which perform no structural function but are intended to
convey to the mind the impression of mass. They also stabilize the
structure on its true bearings at the springlines of the arch.
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Figure 8. Bayonne Bridge over Kill Van Kull at New York by Othmar
Ammann, 1931.

1928-31
Completed four months earlier, Othm ar Ammann’s Bayonne Bridge
(Figure 8) over Kill Van Kull, at New York, was opened in 1931.
Being 25 in. longer in the arch span, it frustrated the Australian ambi
tion to have the longest arch span in the world. W ith a 1652-ft span
and a 266-ft rise (1 /6 of the span), its design, calling for steel I-beam
hangers, was changed to wire rope hangers at the last moment because
of failure from vibration stress of a similar design on Tacony-Palmyra
Bridge. T he massive abutments which form the skewbacks of the arch
and transmit reaction directly to the rock are of concrete faced with
granite. T he pair of golden scissors used to cut the ribbons at the
dedication of a Bayonne Bridge in November 1931 were used to cut
the ribbons on Sydney Harbor Bridge just four months later.
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1892
Ralph Mojeski opened an office for bridge design. He designed,
built, or aided in the construction of many notable structures, one of
which was the 551-ft tied arch with a double leaf bascule over the
Delaware River, known as Tacony-Palmyra.
1927
Another well known deck-arch bridge is the Peace Bridge over the
Niagara River consisting of five deck, steel arches and a single truss span.
1936
One of the most spectacular deck-arch bridges in the U.S.A. is the
Henry Hudson Bridge over the Harlem River in Manhattan, comprising
an 800-ft main arch span, which was at the time of construction, the
world s longest fixed arch, longest plate girder arch, and world’s longest
hingeless arch.
1941
Rainbow Bridge, a 950 ft hingeless arch designed by Waddell and
Hardesty, was constructed after ice destroyed the old arch span. The

Figure 9.

Quebec Bridge over St. Lawrence River by Theodore Cooper,
taken over by Ralph Mojeski, 1900-1917.
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beauty of the steel arch, when well designed and constructed, is irre
sistible.
1900-17
This period encompassed the design and construction of a world
record 1800-ft contilever span (Figure 9) begun by Theodore C o o p e rone of America’s most eminent builders of rail structures. Final design
was taken over, after two catastrophic failures, by Ralph Mojeski.
On August 29, 1907, as the south arm was approaching mid-channel,
20,000 T of steel crumpled like ice pillars whose ends were melting
away, killing 82 men. It was the most startling catastrophe in all bridge
construction. It ruined the brilliant career of Theodore Cooper, who at
the moment of failure, was at the very zenith of professional fame.
The Quebec failure, attributed to inadequate bracing of the com
pression members, more than any other occurrence in the evolution of
bridge building, revolutionized the state of the art by lifting it to a new
high level of scientific analysis and design. The revised design required
two and one-half times as much steel to take the same specified train
loading.
In 1916, during the anticipated 96-hour lifting of the suspended
portion, which weighed 5,200 T , a defective casting in one corner of
the lifting mechanism failed, plunging the entire dropin section into
the St. Lawrence below. In 1917, a new suspended portion was success
fully erected completing the world record cantilever, a monument to
indomitable courage and persistent determination at the price of two
catastrophes.
1901-09
Gustave Lindenthal designed and built the Queensboro Bridge in
New York. T he spans at the time of construction were 1,181 and 984
ft and were the longest cantilevers in the U.S.A. Following the Quebec
failure in 1907, a design investigation initiated to determine its structural
adequacy, uncovered a blunder in dead load design, necessitating the
reduction in proposed live load from four rapid transit tracks on the
upper deck down to two and requiring the building of a special subway
tunnel under the East River one block away to take care of the two
needed trackings.
1927
T he Carquinez Straits Bridge in California with its two 1,110-ft
cantilever spans was built. The dropin portions were lifted 150 ft in
35 minutes. Unique in its design were the special problems in the found*
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Figure 10.

Golden Gate Bridge in San Francisco by Joseph B. Strauss,
1937.

ing of its piers and special protective devices for anticipated earthquakes.
Three different types of steel, ordinary structural, silicon, and heat
treated carbon steel eyebars were used in construction at a savings of
$600,000.
1937
The Golden Gate Bridge has a 4,200-ft span. Its towers are 746 ft
and are the world’s tallest. The bridge has 36-in. diameter cables—
Figure 10.
1931
The George Washington Bridge is 3,500 ft long. As the steel towers
were being erected, which were planned to be covered with concrete
and granite, the unexpected, natural, functional beauty so fascinated the
engineers and the public that its massive appeal resulted in the omitting
of the concrete cladding.
1940
The Tacoma Narrows Bridge over Puget Sound opened on July 1,
1940, It cost $6,400,000, It had a main span of 2,800 ft. Her 8-ft
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Figure 11. Oakland Bay Bridge (Transbay Bridge) between San Francisco and Oakland, 1933-1936.

deep stiffening girders (1/350 of the span) proved inadequate in wind
forces. These forces, produced just prior to failure, 45° tilting of the
deck from the horizontal, measuring 28 ft at 14 cycles per minute. After
about one half hour of these reversible, rubberlike undulating oscillations
there was total failure attributed primarily to the extreme flexibility of
the span and aerodynamic instability of the deck section.
Reminiscent of Col. Charles Ellet s suspension biidge failure at
Wheeling in 1854, the significance of which was lost to the bridge pro
fession, is an eyewitness account. The eyewitness described these undu
lations of the deck as, “lunging like a ship in a storm—twisting and
writhing to nearly the height of the main towers. T he deck nearly
reversed prior to plunging into the Ohio River below. I he new "Tacoma
Narrows Bridge is 50% heavier than its predecessor. Stiffening trusses
of the open-web type are 33 ft deep instead of 8 ft.
T he Mackinac Bridge with a 3,800-ft span has a total length from
anchorage to anchorage of 8,614 ft. Total length includes approaches of
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5 mi. Foundations extend to rock at 210 ft below water. Critical wind
velocity for Big Mac , under extreme conditions of an ice-plugged
closing of the deck openings, is 966 mph. However, under normal con
ditions, it represents infinity.
1933-36
A notable structure of cantilever design is Transbay Bridge between
San Francisco and Oakland of 8% mi in length— Figure 11. It con
sists of two suspension bridges placed end to end, separated by an anchor
pier, a tunnel through Yerba Buena Island, a cantilever, five-truss spans,
and a series of simple girder spans.
1929
Copper River Bridge is 2 mi long with a 1,050 ft cantilever.
1956
I appan Zee Bridge is 6 mi long. It was the first permanent bridge to
float on air (eight hollow boxes)—partially buoyant semi-floating piers
a city block long.
1952
Chesapeake Bay Bridge is 8 mi long with piles 203 ft deep and
towers 354 ft above the water.
1956
The Greater New Orleans Expressway is 24 mi long across Lake
Pontchartrain, surpassed only by the 30-mi railroad trestle across the
Great Salt Lake.
F L O A T IN G B R ID G ES (P O N T O O N )
1940
A 6,561-ft bridge crosses Lake Washington with a 202-ft naviga
tional slider utilizing 25 precast, cellular reinforced concrete pontoons
ranging from 117 ft to 378 ft in length.
G R E A T S U SPE N SIO N BRID G ES
1883
Brooklyn Bridge— 1,560 ft suspended span.
1903
Williamsburg Bridge— 1,600 ft suspended span (4 ^ ft longer than
Brooklyn Bridge). Williamsburg Bridge stiffening trusses at 40-ft depth
are highest ever used. (1/40 of span).
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1924
Bear Mountain Bridge— 1,632-ft suspended span.
1926
Philadelphia— Camden 1,750-ft span.
1929
Ambassador Bridge at Detroit

1,850 ft.

1931
George Washington Bridge shattered all records at 3,500 ft.
1937
Golden Gate— 4,200 ft.
1927
M t. Hope Bridge over Naragansett Bay at Newport, Rhode Island,
1,200-ft span. Artistically, the character of a suspension bridge is largely
determined by the design of its towers.
PRE ST R E SSED C O N C R E T E B RID G ES
1950
T he first prestressed structure was built in Madison County, T en
nessee, in two weeks time with spans of 20 ft and 30 ft. Savings of 40%
over conventional reinforced concrete were reported.
1951
W alnut Lane Bridge was the first important prestressed structure.
I t has 13 160-ft girders and 14 74-ft girders weighing up to 150 T .
1920-26
T he Florianopolis Bridge from the mainland of Brazil extends to the
Island of Florianopolis. I t is the longest eyebar suspension bridge in the
world with a 1,113-ft, 9-in. span.
1929-31
St. John’s Bridge has a main span of 1,207 ft. See Figure 12. It is
an early example of twisted-rope-strand construction. Because of its
portal tower openings, D r. David B. Steinman described the bridge as
“architecture in structural steel.”
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Figure 12. St. John’s Bridge in Portland, Oregon, by Dr. David B.
Steinman, 1929-1931.

R EC O R D B R E A K IN G BRID G ES A N D O T H E R P R O JE C T S
One of the M ost Beautiful
Pine Valley—see Figure 13.
Longest Railroad Bridge in the W orld—4,35 M iles
Huey P. Long, Metairie, Louisiana, 1935.
Longest Floating Bridge— 1,42 Miles
Second Lake Washington Bridge, 1963.
Longest Suspension Bridge Project— 5 M iles
Mackinac Bridge, 1957.
It is 8,344 ft between anchorages and 19,205 ft between abutments—
see Figure 14. It is the stillest with massive 38-ft trusses which results
in 968 ft— add to this the open deck grating—infinity.
World's Highest Bridge

Royal Gorge over Arkansas River in Colorado— 1,053 ft above
water.
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Figure 13. Pine Valley Creek Bridge in California—one of the most
beautiful, 1974.
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Figure 14. Mackinac Bridge by Dr. David Steinman. World’s longest
suspension bridge, 1957.

W orld’s Longest Steel Arch
New River Gorge at 1,700 ft long. Second tallest— 800 ft high.
See Figure 15.
Largest Four-Level Interchange
Dallas, Texas
Largest Airport in W orld
Dallas-Fort Wayne—54 bridges.
Longest Bridge— 1964
Lake Pontchartrain Causeway—24 mi. One of two— 1956 version
is 228 ft shorter.
Longest Railroad Viaduct in W orld
Rock filled Great Salt Lake Viaduct— 11.85 mi. Pile and trestle
1901. Rock filled, 1955.
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Longest Stone Arch Bridging
Rockville Bridge at Harrisburg, Pennsylvania, 3810 ft long, 1901.
W orld’s Longest Runway
It is 15,000 ft long by 300 ft wide by 16 in thick. It was built
for NASA at Kennedy Space Center in Florida in preparation for
the U.S.A.’s pioneer space shuttle aircraft. The aircraft is a delta
wing space ship the size of a DC-9. It is unique because of its capa
bility of being reusable on many space flights. I t should revolutionize
the future cost of space travel and exploration.
W orld’s First Segmental Bridge— 1952
It has three segments and a 50-ft span. It is in Pike, New York.
Pasco-Kennewick Bridge
This is the most technically and aesthetically exciting bridge of
this decade (see Figure 16). It was designed by Arvid G rant and Fritz
Leonhardt— 406.5/981/406.5 ft, eight spans, 2,503 ft long. It has
58 match-cast segments— by far the world’s largest marched cast segments—80 ft wide, 27 ft long and 7 ft constant depth. The bridge was
erected symmetrically about the two main towers. It is the world s
longest concrete stayed girder bridge. It has the largest sealed expansion
joint in the world and massive 1400 T disc bearings.

Figure 15. New River Gorge Bridge in West Virginia. World’s longest
steel arch—1,700 ft, 1976.

Figure 16. Pasco-Kennewick Bridge, designed by Arvid Grant and Fritz
Leonhardt—the most technically and aesthetically exciting bridge of this
decade, 1976.

Bridge at L u ling, Louisiana
It has a 1,235 ft cable-stayed main span.

